Purpose: To test the hypothesis that polymorphisms of ESR1, the gene encoding estrogen receptor α (ERα), are associated with susceptibility, clinical phenotype, and progression of breast cancer.
The contribution of the reproductive hormone, estrogen, to the development of breast cancer has been well documented in epidemiologic and molecular and cell biology studies (1) (2) (3) (4) . The idea that estrogen is involved in breast tumorigenesis is based on the general concept that cell division is crucial for cancer development and estrogen increases mitotic activity in the breast epithelium, resulting in increased cancer risk (5) . Estrogen triggers cell growth by binding to the ligand-binding domain of the ER (Fig. 1A ) in the nucleus (3, 6, 7) . Mammals express two ERs, one of which, ERα (encoded by ESR1), is expressed in normal and neoplastic breast tissue. The role of ERα in initiating breast cancer is well understood (3, (7) (8) (9) . ERα binds estrogen and other coactivator proteins to form the estrogen-bound ER complex, which functions as a transcriptional regulator (10, 11) . The DNA-binding domain of ERα (Fig. 1A) binds to estrogen response elements in the promoter region of estrogen-responsive genes, initiating their transcription (3, 7) . ERα can also be activated in an estrogen-independent manner, in which specific amino acids in the AF-1 domain of ERα (Fig. 1A ) are phosphorylated by activation of a signaling cascade downstream of receptor tyrosine kinases. The phosphorylated and thus activated ERα regulates the transcription of target genes by protein-protein interaction with other transcription factors, such as SP1 (3, 7, 11) . Many proteins encoded by these ERα-regulated genes are involved in regulating the cell cycle, angiogenesis, and survival (3, 7, 12, 13) .
ERα is also an important biomarker for determining breast cancer progression, as its levels predict possible responses of patients to hormone therapy (6, (14) (15) (16) (17) (18) . Patients with ERα-positive breast cancer are seven to eight times more likely to benefit from endocrine therapy than ERα-negative patients (6) .
The human ESR1 gene contains eight exons spanning ∼295 kb (Fig. 1B) and is located on chromosome 6 at 6q25.1 (19) , a susceptibility locus identified as particularly important for breast cancer in Chinese women in a recent genome-wide association study (20) . Genotypic polymorphism of ESR1 has long been reported to be important in determining breast cancer susceptibility (21) (22) (23) (24) (25) (26) . However, the results have been inconsistent and the molecular mechanisms by which these polymorphisms affect the function of ERα remain unclear. Given the scarcity of genetic research on ESR1 in Chinese women and the fact that Asian women have, on average, 20% lower serum levels of estrogen than Western women (27) , a factor playing a unique role in modifying cancer risk associated with genetic polymorphism of ESR1, we performed a case-control study to explore whether single-nucleotide polymorphisms (SNP) of ESR1 are associated with susceptibility, clinical phenotype, and progression of breast cancer in this population.
Materials and Methods

Study subjects
This case-control study is part of an ongoing cooperative study aimed at understanding the causes of breast cancer in Taiwan, which is characterized by low incidence, early tumor onset, hormone dependency, and novel genomic alterations (28) (29) (30) . We studied 940 female breast cancer women with pathologically confirmed incident primary breast cancer seen at the Tri-Service General Hospital or the Changhua Christian Hospital between March 2002 and August 2005. The 1,547 healthy female controls were selected from women attending the health examination clinics of the same hospitals during the same period. The characteristics of these study participants have already been described in detail (29, 31, 32) . Informed consent was obtained from all study participants before collection of epidemiologic data by personal interview. Considerations regarding methodologic issues in the present study (such as study design, sampling scheme, and potential bias) have been described in detail (29, 31, 32) .
We also explored genetic susceptibility to progression of breast cancer associated with polymorphism of ESR1. We have established a reliable follow-up system to actively and regularly trace the progression of our patients, and this was used to obtain information concerning clinical and pathological features and survival status for 799 patients (ERα status: positive, 62.7%, negative, 37.3%; stage I, 33.8%, stage II, 43.8%, stage III/IV, 22.4%). In addition, we determined the cause of death from death certificates. No significant difference in SNP profile was found between patients for whom clinical information was available and those for whom this information was not available. Patients whose deaths were clearly documented to be due to breast cancer were considered to have died of breast cancer; other causes of deaths were considered censored events. Of these 799 patients, 5.4% died from breast cancer and 1.9% died from other causes during the follow-up period.
Questionnaire and clinical and pathological features
An experienced research nurse was assigned to administer a structured questionnaire to both cases and controls. The information collected has been described, and the validity of the questionnaire has been addressed and confirmed in our previous studies (29, 31, 32) . Information concerning clinical and pathological features was obtained from the tumor registries of our hospitals.
The degree of differentiation (grade) of each tumor was categorized as I, II, or III according to the Nottingham modification of the Scarff-Bloom-Richardson system (33) , in which tubular formation, nuclear polymorphism, and mitotic count are the indices of differentiation; all gradings were done by a single pathologist. The stage of the tumor at diagnosis was determined using the tumornode-metastasis staging system proposed by the American Joint Committee on Cancer and was categorized as I, II, III, or IV (34) . The ERα status of the breast tumors was
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Specimen collection and SNP selection and genotyping
At the end of the interview, blood was taken for DNA isolation and genotyping. All samples were examined blind by laboratory personnel. DNA was extracted from peripheral blood samples of patients and controls using DNA purification kits (Promega). We initially used HapMap data (http://www.hapmap.org/), the National Center for Biotechnology Information database (http://www. ncbi.nlm.nih.gov/sites/entrez), and Haploview software to select SNPs to ensure that the SNPs selected were able to capture major genetic polymorphisms. As a result, 68 SNPs were required using the thresholds of ≥5% minor allele frequency and r 2 ≥ 0.8. However, this resulted in the identification of too many SNPs for our purpose, which was to perform a candidate gene-based study. The purpose of the genotyped SNPs is to briefly reflect the genotypic polymorphism of ESR1 in our population, which is not the same as that of SNPs in genome-wide association studies or fine-mapping studies. Because we have our own SNP database based on 1,000 Han Chinese randomly selected from different parts of Taiwan (35) , the information in this SNP database was used for SNP selection. In addition, we found specific SNPs in the Chinese population in the ABI SNP database to be very useful and chose some SNPs from this database. In our experience, the information on minor allele frequency, and, more importantly, haplotype-block structure of SNPs in Chinese populations in the last two databases differs from that in HapMap, and is more useful and representative of our population that that in HapMap. Thus, specific SNPs (e.g., rs3778609) that are not in HapMap were selected from these two databases and used in the present study. All these considerations resulted in the selection of the 15 genotyped SNPs ( Fig. 1C ; Supplementary Fig. S1 ), all of which had a minor allele frequency of >0.05. Almost all major blocks in ESR1 in our population were represented by at least one SNP (Supplementary Fig. S1 ).
Genotyping was carried out using the Taqman allelic discrimination assay and the manufacturer's predesigned primer/probe sets, and the results were read on a GeneAmp PCR System 7000 Thermocycler (Applied Biosystems). All assays were done by individuals blinded to the case-control status of the samples, and each genotyping plate contained positive and negative controls. As a quality control, we repeated the genotyping on 10% of the samples, and all genotype scoring was done and checked separately by two reviewers unaware of the case-control status. The concordance rate for replicate samples was 100%.
Data analysis
We followed our previously established sequential steps (29, 31, 32) to analyze the data. Hardy-Weinberg equilibrium (36) was tested, and linkage disequilibrium (LD) plots of the D′ values for ESR1 were produced using the Haploview program (37) . Univariate and multivariate analyses were done to determine putative high-risk genotypes of ESR1 for breast cancer in this series of study subjects. Haplotype estimation was restricted to individuals for whom complete genotype data were available across all polymorphic sites, and the highest probability haplotypes estimated using the expectation maximization (EM) algorithm of SAS/Genetics 9.1 (SAS Institute) were assigned to each study participant (38) (39) (40) . Logistic regression was used to estimate the odds ratio of breast cancer associated with harboring individual specific haplotypes, each haplotype being compared with a shared reference haplotype. Data on ERα status (positive/negative), histologic grade (well-differentiated to poorly differentiated), and clinical stage (I-IV) were collected from hospital medical records. We were therefore able to determine whether SNPs were associated with clinical/pathological features of breast cancer. Furthermore, to examine whether an SNP influenced prognosis, we calculated the 5-year breast cancer-specific survival rate using the Kaplan-Meier method, two-tailed log-rank test, and Wilcoxon test; death from breast cancer was defined as the event of interest (41, 42) . All statistical analyses were done using SAS version 9.1 (SAS Institute), and all tests were based on a two-sided probability.
Results
ESR1 polymorphisms and breast cancer susceptibility
The distributions of demographic characteristics and major risk factors for breast cancer were comparable in the cases and controls (Supplementary Table S1 ). To determine the breast tumorigenic contribution of ESR1, we examined whether the genotypic and allelic distribution of the gene differed between the 940 cases and 1,547 controls (921 cases and 1,533 controls had results of complete 15 SNPs). The frequencies of all 15 SNPs in the controls agreed with those expected under Hardy-Weinberg equilibrium, suggesting that genotyping error was relatively unlikely. Although genotype analysis for each of the 15 SNPs yielded no significant differences, allelic analysis, permutation test, and test for trend showed that the polymorphism of two SNPs, rs3778609 and rs827421, located in intron 1 of ESR1, was significantly associated with breast cancer susceptibility ( Table 1 and Fig. 1C) . Two other SNPs, rs12665044 and rs7739506, located in intron 1 and 4, respectively (Fig. 1C) , showed associations that were of borderline significance (Table 1) . To determine the relative importance of individual SNPs, we performed multiple logistic regression analysis on these four variants and found a significant association between rs3778609 and breast cancer risk (P = 0.01). Taken together, these results suggest that SNPs in intron 1 were important. To explore this finding, we checked the LD among SNPs of ESR1 in our controls and used pairwise LD to measure the LD between pairs of SNPs. The results showed that these 15 SNPs fell into four haplotype blocks in our population (Fig. 1D) , and that rs3778609, rs12665044, and rs827421 in intron 1 were located in the same haplotype block, suggesting that a haplotype within the LD block may harbor causal variant(s) of ESR1 associated with breast cancer susceptibility. To confirm this, haplotype analysis was done based on these three SNPs. The results were consistent with those based on single SNP analysis, showing that, among the three common haplotypes of intron 1 polymorphism in our population, that carrying the minor alleles of these three SNPs (i.e., the TTG haplotype) was significantly associated with a decreased risk of breast cancer (Table 2 ). However, a closer look at the risk associated with individual haplotypes suggested that the first two SNPs (rs3778609 and rs12665044) were more important than the third, as the significant TTG haplotype carries both the T (minor) allele of rs3778609 and the T (minor) allele of rs12665044, whereas the haplotype CCG, which is not significantly associated with risk, carries the G (minor) allele of rs827421. These findings confirm the role of ERα in the development of breast cancer in the Chinese population in Taiwan. Furthermore, a genetic variant linked to the SNPs located in an intron 1 cluster may be responsible for this association, and, in particular, this association was mainly driven by rs3778609, demonstrating a significant effect based on logistic regression and haplotype analysis.
The protective genotypes of intron 1 polymorphism are associated with tumor ERα status, and a joint effect of these polymorphisms and reproductive risk factors is associated with cancer susceptibility
The above finding that minor alleles of intron 1 polymorphism of ESR1 are associated with a decreased cancer risk is intriguing. Based on the general concept that increased proliferation of breast epithelium leading to tumor formation is caused by increased mitotic potential triggered by activated ERα (4, 5), we speculated that these protective polymorphisms composed of the minor alleles might be related to decreased expression of ERα. Interestingly, the association identified in our cases was consistent with this, as tumors harboring the homozygous variant genotype (i.e., TT) of intron 1 SNP rs3778609 tended to show lower ERα expression (i.e., a higher frequency of ERα negativity of 51.3%) than tumors harboring the homozygous wild-type (i.e., CC) or heterozygous wild-type (i.e., CT) genotype (i.e., a lower frequency of ERα negativity of 37.0%; P = 0.04). There was no association between ERα status and either of the other two SNPs (rs12665044 and rs827421) in the intron 1 cluster or the haplotype based on these three intron 1 SNPs, reconfirming the previous suggestion that rs3778609 is relatively more important than the other two SNPs located in the same LD block.
The association identified between intron 1 polymorphism and tumor ERα status prompted us to explore whether the known interaction between estrogen and ERα could be confirmed in this study on breast cancer susceptibility. Reproductive risk factors were used as surrogates to estimate the estrogen exposure experienced by our study participants throughout their lifetime. The results were in line with our hypothesis, as a significant protective effect associated with the haplotype composed of the minor alleles of intron 1 SNPs (i.e., the TTG haplotype) was only seen in women who had experienced lower estrogen exposure or with lower susceptibility to estrogen exposure, reflected by each of the reproductive risk factors of an older age at menarche, a history of full-term pregnancy, a younger age at first full-term pregnancy, or being menopausal (Table 3) 
ERα is a key regulator not only of proliferation but also of differentiation of mammary epithelia and is a crucial prognostic indicator in breast cancer. However, it is well recognized in both breast cancer biology and clinical practice that ERα plays a seemingly paradoxical role at different stages during breast tumorigenesis, its expression being associated with an increased cancer risk but a decreased invasive/metastatic potential of tumor cells (7, 6, (16) (17) (18) . On this basis, the protective polymorphisms identified as associated with decreased breast cancer susceptibility (Table 1 ) and lower ERα expression (mentioned in the previous section) might show a negative correlation with unfavorable clinical/pathological features of breast cancer. To examine this, we determined whether the frequency distribution of the intron 1 SNPs differed in tumors with different grades and stages. The results showed that a higher frequency of the homozygous variant genotypes of two intron 1 SNPs (rs3778609 and rs12665044) was found in higher-grade (poor differentiation) breast cancers, with significant P values in the trend test ( Fig. 2 ; Supplementary Table S2), in line with our expectation. A similar trend was also observed between stage and intron 1 polymorphisms, showing that the genotype composed of alleles presumably protective against breast cancer development was, conversely, more frequent in patients with advanced-stage cancer than in those with early-stage cancer (Fig. 2) . No significant association was found between tumor grade/stage and the third intron 1 SNP (rs827421) or haplotypes composed of three intron 1 SNPs (Supplementary Table S2 ).
Different associations between intron 1 polymorphisms and 5-year breast cancer-specific survival rate of different ERα status Consistent with the usual observation in breast cancer clinics, the stage of the tumor at diagnosis was the most important prognostic factor determining the 5-year breast cancer-specific survival rate in this cohort of patients (Fig. 3) . Death from breast cancer was used as the event of interest in these analyses. Originally, we performed Cox regression analysis to estimate the hazard ratio associated with SNPs. However, as in any breast cancer cohort, both ER status and stage at tumor diagnosis played dominant roles in determining progression in our patients, making it difficult to examine low-risk effects, such as that contributed by SNPs, and we therefore decided to stratify our patients based on these dominant factors and address the importance of SNPs in different strata. With regard to individual SNPs in intron 1 block, no single SNP showed a significant association with survival in tumors of different stages and ERα status. We then used haplotype to reflect intron 1 polymorphism and found that this polymorphism played no role in the progression of advanced-stage (stage III/IV) tumors ( Fig. 3C and D) ; however, the small number of stage III/IV observations is a limitation of this analysis. In contrast, a significant association between intron 1 haplotype and 5-year breast cancer-specific survival rate was found in early-stage (stage I/II) tumors ( Fig. 3A and B; P < 0.05 estimated using the log-rank test); however, interestingly, the direction of the association was dependent on ERα status. ER-positive patients carrying the wild-type (CCA) haplotype (i.e., the haplotype composed of the major alleles of the three intron 1 SNPs) had a significantly better 5-year breast cancer-specific survival rate than those carrying the variant TTG haplotype (Fig. 3A) . In contrast, in ER-negative tumors, in which ERα presumably plays a minor role due to low ERα expression, intron 1 polymorphism was still significantly associated with tumor progression; however, patients with the CCA haplotype had a much worse survival than those carrying the TTG haplotype (Fig. 3B) . No evidence for a significant association of other SNPs of ESR1 with breast cancer progression was found (data not shown).
Discussion
Our case-control study provided several lines of evidence that polymorphism of ESR1 is associated with breast cancer susceptibility and progression. The evidence includes epidemiologic associations (i.e., clustering of significant SNPs and logistic regression), a genotypephenotype association (i.e., ESR1 SNPs and ERα expression), genetic epidemiologic inference (i.e., haplotype analysis), and the clinical impact of SNPs on specific types of breast cancer and cancer patient survival. However, in considering whether our findings represent a true association between the SNPs of ESR1 and breast cancer, the most important issue is the interpretation of the identified association between SNPs and the trait. Because the SNPs analyzed are in introns, they do not affect amino acid coding and therefore probably do not directly affect protein function; thus, the observed associations between breast cancer and SNPs should be interpreted as the presence of LD between these SNPs and other SNPs in exons (resulting in functional polymorphism) or in regulatory regions (affecting the expression of these genes). It is notable that ESR1 is located at 6q25.1, the locus for SNP rs2046210, and that rs2046210 showed strong and consistent association with Chinese breast cancer in a recent multiple-stage genome-wide association study (20) . Whether the observed association in our study is actually Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval. *The "rs" number is the National Center for Biotechnology Information (NCBI) dbSNP cluster ID for each SNP. The second number indicates the location of the SNP relative to the start codon ATG according to the NCBI genomic contig NC_000006 (region: 152170379-152466099). † Data were calculated by logistic regression, in which we used a set of dummy variables representing different genotypes of ESR1. ‡ The P values were calculated based on 10,000 random permutations.
due to a link between the ESR1 SNPs and rs2046210 is an issue that needs to be clarified before further exploration of the meaning of our findings. We certainly do not exclude the possibility that the risk of breast cancer is associated with rs2046210. However, rs2046210 is quite distant from ESR1, and this SNP is located 29 kb upstream of the first untranslated exon and 180 kb upstream of the transcription starting site of exon 1 of the ESR1
gene. More importantly, based on the newly published haplotype map of the human genome, there are many recombination hotspots between rs2046210 and ESR1, and ESR1 and this SNP are located in totally different haplotype blocks ( Supplementary Fig. S2) , the values of pairwise r 2 between rs2046210 and the intron 1 SNPs being ∼0.10 to 0.20 (based on the information of HapMap). We therefore suggest that our finding of an Abbreviation: aOR, adjusted odds ratio. *ESR1 haplotypes with the SNPs in intron 1 arranged in the order 5′ to 3′; that is, rs3778609 (4502C>T), rs12665044 (21187C>T), and rs827421 (28437A>G). † The adjusted odds ratio and 95% confidence interval were estimated in a multivariate logistic regression model containing age, a family history of breast cancer, menarche age, a history of full-term pregnancy, frequency of pregnancy, body mass index, menopause status, and a group of dummy variables to represent women harboring the three possible haplotypes of the ESR1 gene. Table 3 . Risk (adjusted odds ratio and 95% confidence interval) of breast cancer associated with individual combinations of the intron 1 haplotypes of ESR1 and each of the reproductive risk factors NOTE: The adjusted odds ratio and 95% confidence intervals were estimated in a multivariate logistic regression model containing age, a family history of breast cancer, body mass index, and a group of dummy variables to represent women harboring different haplotypes of ESR1 and the status of reproductive risk factors. *ESR1 haplotypes with the SNPs in intron 1 arranged in the order 5′ to 3′; that is, rs3778609 (4502C>T), rs12665044 (21187C>T), and rs827421 (28437A>G). † The P value for interaction associated with ESR1 intron 1 haplotype and reproductive risk factor was estimated in a multiple logistic regression model containing age, a family history of breast cancer, body mass index, and the product term of (haplotype × reproductive risk factor).
association between ESR1 polymorphism and breast cancer is more likely to be independent of rs2046210. Furthermore, genetic heterogeneity is less of a concern in Taiwan than in the United States (43); as a result, potential bias due to population stratification is less likely to be significant in our study, and the chance that the targeted genomic region or functional variants reflected by the same genotyped SNPs are different in cases and controls due to differences in the genetic background of the two groups is small. However, we recognize that the sequencing of the region reflected by intron 1 SNPs (promoter region, exon 1, intron 1, and exon 2) in our population is the definitive approach to identifying all of the important sequence variants, and that a large-scale evaluation of these variants and functional assessments are needed to address this question. The possibility of false positives (type I errors) must be considered, and multiple testing is a major concern of the present study. Genotype analysis for each of the 15 SNPs yielded no significant association with breast cancer based on a nominal distribution; however, using a trend test, the decreasing trends of cancer risk associated with two polymorphisms in intron 1 were significant. However, we performed 15 separate tests for trend significance and could therefore expect one significant result at the P = 0.05 level by chance. Similarly, allelic analysis showed that these two intron 1 SNPs were significant; however, considering the number of statistical tests done, both would be expected to become insignificant after the Bonferroni correction. However, based on 10,000 random permutations, the association between cancer risk and these two SNPs remained significant (Table 1) . The overly conservative correction of the Bonferroni approach might result in power reduction; therefore, it has been suggested that simultaneous consideration of multiple SNPs within a defined region provides more information. Given this, it is notable that the two significant SNPs were in the same cluster. All these considerations prompted us to propose that the intron 1 region may harbor genetic variants determining breast cancer susceptibility, and the result of haplotype analysis is in line with this suggestion. Interestingly, the importance of intron 1 variants of ESR1 in determining breast cancer risk has been reported in previous studies in specific populations (24, 44, 45) .
An understanding of the etiologic role of ESR1 in breast tumorigenesis will require studies that evaluate both multiple functions of ERα in regulating cell growth and preventing metastasis and the extent to which estrogen exposure modifies the associations of this gene with breast cancer. This understanding is incomplete, as previous epidemiologic research has usually been based on single-SNP analysis without considering reproductive risk factors. Thus, the discrepancy in the results regarding the degree and nature of breast cancer-related genetic polymorphisms of ESR1 is not surprising. On the basis of a multi-SNP approach and considering the structure of the gene to reflect most haplotype blocks of ESR1, our examination of the association between genetic variants of this gene and breast cancer provides an opportunity for exploring which genetic variants of ESR1 play a more significant role. Our identification of an interaction between intron 1 SNPs and risk factors reflecting estrogen exposure in determining breast cancer susceptibility is of particular interest, as a recent comprehensive SNP-tagging association study on ESR1 identified a totally different region, SNP rs3020314, tagging a region of ESR1 intron 4, as being associated with an increase in breast cancer susceptibility in European populations (26) , whereas the present study and other studies on Asian populations (26) showed no such association. Furthermore, this SNP is located in a different haplotype block to the significant intron 1 SNPs identified in the present study. The r 2 value between rs3020214 and rs827421 is only 0.12 in the HapMap data and the r 2 between each of our three intron 1 SNPs and rs1801132 (an intron 4 SNP genotyped in the present study close to rs3020314) ranged from 0.14 to 0.23, all of which are low values. We propose that this racial difference in significant SNPs may be partially explained by endogenous estrogen levels in the different populations. Given that Western women have, on average, 20% higher serum estradiol levels than Asian women (27), we postulate that the effect of SNPs tagging the ligand binding domain (i.e., the AF-2 domain; Fig. 1A and B) would be more obvious in Western women. The rationale underlying this is derived from the clues provided by many epidemiologic observations that substrate dosage might affect the associations between cancers and polymorphisms of enzyme-encoding genes. For example, in subjects with the high-risk genotype of carcinogen-metabolizing genes, the greatest incremental lung cancer risk is seen in heavy smokers, whereas light smokers have a lower risk (46) . Thus, it is biologically reasonable to find that, in Taiwanese women, ESR1 plays an equally important role to that in Western women, but the important domain of ERα reflected by significant SNPs (i.e., intron 1 SNPs) is AF-1, a region mostly involved in ligand-independent function of ERα (3). However, the failure to include SNPs in the promoter is a major limitation of our study. In our population, the promoter sequence is in the same block as the SNPs of exon 1/intron 1 of ESR1. Thus, it is possible that causal variants in the promoter affect the level of expression through transcriptional regulation and determine cancer susceptibility. The determination of the effects of ethnicity-specific SNPs of ESR1 on breast cancer risk might yield valuable clues about the association between breast tumorigenesis and estrogen, underscoring the importance of comprehensive examination of SNPs throughout the entire gene in a genotype-based association study.
Our finding that alleles of intron 1 SNPs protective against breast cancer development were, conversely, associated with poorly differentiated/late-stage tumor phenotypes (Fig. 2) is mechanistically plausible. This agrees with the diverse roles of ERα during different stages of breast cancer development. By triggering cell outgrowth, ER expression is a risk factor for breast cancer initiation (2, 4, 5) ; however, it is also related to a favorable progression, as ER is able to activate a signaling pathway resulting in the expression of cell adhesion molecule E-cadherin (47, 48) , which controls the epithelial-to-mesenchymal transition in human breast tumors, leading to welldifferentiated and less invasive tumors and fewer metastic tumors (47, 49) . Similarly, the established causal link between ER and E-cadherin can be used to explain the association between ESR1 polymorphism and breast cancer progression observed in early-stage ER-positive patients (Fig. 3A) . In these subjects, ERα is a promising therapeutic target and the use of the antiestrogen drug tamoxifen in targeted therapy can activate an invasion suppressor phenotype by restoring E-cadherin function (50) (51) (52) . To this end, ERα may work in a ligand-independent manner, contributing to the therapeutic benefit in breast cancer patients carrying the haplotype composed of the wild-type (supposedly high expression) alleles of ESR1. The only finding that cannot be currently explained is that in the group of patients with low ERα expression (i.e., the ERnegative patients), the association between intron 1 polymorphism and worse survival (Fig. 3B) is in sharp contrast to that between the same haplotype and poor survival seen in ER-positive patients. We are currently exploring whether this is an effect at the transcriptional level; for example, whether the intron 1 region tagged by the ESR1 SNPs contains a cis-regulatory element or micro-RNA coding sequences that regulates unique tumorigenic functions. In conclusion, the present study provides an important insight into the role of the ESR1 gene in breast tumorigenesis and offers potential help to clinicians in determining more adequate therapeutic protocols.
Disclosure of Potential Conflicts of Interest
No potential conflicts of interest were disclosed.
Grant Support
NSC 96-2314-B-345-001-MY2 from the National Science Council, Taiwan (S-l. Ding), and TSGH-C96-3-S03 and TSGH-C97-7-S03 from the Tri-Service General Hospital (J.C. Yu).
The costs of publication of this article were defrayed in part by the payment of page charges. This article must therefore be hereby marked advertisement in accordance with 18 U.S.C. Section 1734 solely to indicate this fact.
